In the present investigation, therefore, a thorough study of growth temperature and rate of 33 different strains of Aeromonas were made.
Also, the temperature characteristics of growth (j value) of some strains were determined to see whether this would aid in classifying various strains of Aeromonas as psychrophile or mesophile. Since the range of growth for certain Aeromonas species is from 0 to 45 C or even 0 to 55 C, simple consideration of minimal, optimal, and maximal growth temperature may not be sufficient to classify them as psychrophiles or mesophiles. Furthermore, it would tell us whether the ,u value is meaningful in classifying bacteria as mesophile and psychrophile based on determinations made with closely related species of Aeromonas. The ,u value was found to be "markedly less for psychrophiles than for mesophiles" by Ingram (8) .
MATERUILS AND METHODS Organisms. Of the 33 strains used in this study, 30 were kindly provided by W. H. Ewing and W. J. Martin of the Center for Disease Control, Atlanta. Three strains of A. hydrophila were isolated and identified in this laboratory. Thirteen of these 33 strains were A. hydrophila, 10 were A. shigelloides, and 10 were A. salmonicida. The names, numbers, and sources of these strains are given in Table 1 . All strains were maintained in Brain Heart Infusion agar or Trypticase soy agar.
Media and growth. All strains were grown in Trypticase soy broth for growth and rate studies. Cultures were always pregrown at the appropriate temperature and in respective media before determination of growth rate to eliminate transient growth. Cultures were grown in 250-ml Erlenmeyer flasks in 40-ml volumes and incubated unshaken. Samples for Klett readings were withdrawn without removing the flasks from the incubators so that the growth rate would not be affected. We have noticed that the fastest and best growth of these strains was in unshaken shallow layers rather than shaken cultures. For inoculum, one drop of an actively growing culture from a 1-ml pipette was added to each flask containing 40 ml of medium. Duplicate flasks were always used in each experiment. Growth of the various strains was determined by Klett colorimeter by using a blue filter (400 to 465 ,um) at intervals of time. The amount of growth and the rate was determined at 5-degree intervals from 0 to 60 C.
Calculation of growth rate and temperature characteristics. A semilog plot of Klett units versus time in hours for each organism at each temperature was plotted. From this plot, the doubling time was determined by using the straight line portion of the graph. The specific growth rate was determined by taking the inverse of the doubling time.
Arrhenius (9) . The psychrophiles were defined by the method of Ingram (8) . The growth studies were not made below 0 C. Based on the growth temperatures, all of the Aeromonas were classified as either a mesophile or psychrophile (Table 1) .
Of the 13 A. hydrophila, 6 were classified as psychrophile; all of these strains had optimal temperature between 15 and 20 C and in one case 30 C. All of these psychrophilic strains also had a maximal growth temperature of 40 to 45 C. The other seven strains were classified as mesophile. One strain, although classified as mesophile, grew well at 5 C. Three of the mesophiles were able to grow at 55 C.
Of the 10 A. shigelloides, 9 were classified as mesophile and 1 psychrophile. The psychrophilic strain had an optimal temperature around 35 C. Another strain of A. shigelloides had an approximate minimal growth temperature of 5 C.
All 10 strains of A. salmonicida were classified as mesophile although 3 of the strains grew well at 5 C.
The growth temperatures of 33 Aeromonas species show that the psychrophilic strains are primarily found among A. hydrophila. Although 6 out of 13 A. hydrophila were psychrophilic, only 1 out of 10 of A. shigelloides and none out of 10 of A. salmonicida was found to be psychrophilic. All of the 33 species had rather wide ranges of growth temperature. A general conclusion could be that all of the organisms studied could grow well in 20 C.
The typical Arrhenius plots and temperature characteristics of six strains of A. hydrophila, three A. shigelloides, and three A. salmonicida were determined. To avoid duplicity, only six representative graphs are shown in Fig. 1 and 2 species, these strains vary in growth temperature requirements. The ,u values are given in Table 2 . The data in Table 2 indicate that no definite conclusion about the psychrophiles having a lower ,u value than mesophiles, even within the same genus, can be made.
Among A. hydrophila, two organisms considered to be psychrophile had a higher ,u value than the ones considered mesophile. In A. shigelloides, however, the one considered psychrophile had a lower ,u value than the mesophiles. All three A. salmonicida were considered to be mesophile and to show somewhat similar ,u values.
The temperature coefficient (,u values) determinations were meaningless in these cases to classify them as psychrophiles or mesophiles. Our data on this are in agreement with Shaw (14) and Hanus and Mortia (11) who also found no basis for using ,u values to distinguish mesophiles from psychrophiles.
